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Microscopic autoradiography was introduced about 30 years ago (1, 2) . Autoradiographic techniques have since been refined and new ones developed, through which numerous contributions for the advancement of science were made. To date, the principles of autoradiography remain unchanged. Autoradiography is based on the use of photographic emulsion and radioactively labeled compounds, both of which account for the potential and limitations of the technique. Accordingly, improvements in its use may be expected from increase of sensitivity and resolution of photographic emulsion as well as from increase of specific activity of radioactively labeled compounds, in addition to adjustments of technical steps. Increase in sensitivity and shortening of exposure time through the use of scintillators have been reported in the literature. Despite such claims, the utility of scintillators for microscopic autoradiography is not established. The published evidence is not convincing and reproducibility is lacking. The specific activity of radioactively labeled compounds has been increased continuously. Thus, considerable shortening of exposure times and increased specificity has been achieved. It seems that further improvements can be expected through increase of sensitivity of photographic emulsion, perhaps, by matching its sensitivity with scintillators of corresponding spectral properties. If radioactivity in thin tissue slices could be demonstrated microscopically by a dry procedure, for instance, through direct visualization of the latent image rather than by the wet photographic process, this would further improve the versatility of autoradiography. It appears that there is a potential for improvement.
In this workshop some of the contemporary uses of autoradiography are presented. Cell kinetic studies have been refined through the development of double-labeling autoradiography (Schultze). Tracing of neural pathways through the use of autoradiography is a powerful tool in the neurosciences (Swanson). Utilization of autoradiography for receptor studies is still in its beginning and the potential of the technique has not been exploited, probably due to the demand on the investigator for exacting experimental conditions.
The thaw-mount autoradiographic technique was introduced by Stumpf and Roth in 1966 (3) as technique #2, in addition to the dry-mount technique, for the study of diffusible compounds, and modified for thicker (3-5 lam) sections and higher (-30 to -40°C) temperatures (4) than originally proposed. It is now widely used in many laboratories. The difficulties that existed in the past for the localization of diffusible compounds have been overcome by the introduction of the dry-mount and thaw-mount techniques and a new area of research was opened. Numerous discoveries have since been made through the use of these techniques for the study of noncovalently bound substances. As an example, in a recent application of the thaw-mount technique for the localization of 3 H-1,25(OH)2 vitamin D3, not only were target cell types defined in the three presently known target tissues for this substance: intestine, kidney and bone, but more than 25 new target tissues were discovered. These include the brain, pituitary, skin, parathyroid, stomach, pancreas and kidney macula densa and podocytes (5) (6) (7) (8) . These results open up new areas of research and demand revision of current concepts of vitamin D action and calcium homeostasis.
Combination techniques have further expanded the use of autoradiography. Thaw-mount autoradiography combined with immunohistochemistry (Sat) or formaldehyde-induced fluorescence has provided in the same section simultaneous information on the localization of radioactively labeled steroid hormone and of antibodies to a peptide hormone, or of fluorescing catecholamines. Through similar combinations for the simultaneous tracing of chemically different neural pathways, a display and study of their relationships in a hitherto unique fashion has become possible.
No substantial progress has been made toward electron microscopic autoradiography of diffusible substances and no general technique is available to date.
Quantitation in autoradiography remains a challenge and a need. Papers presented at this meeting witness progress in this area.
Progress is noteworthy in Ullberg's whole-body autoradiography. Through automation of sectioning and INTRODUCTION increased film sensitivity, whole-body autoradiography has become a convenient and indispensible tool in drug screening and toxicity studies in rodents, primates, and other species.
As is the case with any technique, results obtained from one technique alone cannot provide the complete answer to a problem. For instance, as demonstrated in this symposium, both biochemical and autoradiographic approaches benefit from each other. Whenever feasible, combinations of histochemical and biochemical techniques are recommended. The one technique obtains information by keeping the tissue structure intact, while the other one obtains information by disrupting it. Thus, these techniques are complementary to each other.
Biochemists, often unfamiliar with histological and histochemical approaches, sometimes do not appreciate the potential and contributions that can come from them. The "biochemical" zeitgeist, strongly represented in review boards may be characterized by a citation taken from a summary statement of a rejected research proposal to localize by autoradiography hormone receptors in fetal tissues: "Autoradiograph alone hardly makes a proposal -it just creates a map." National Science Foundation Panelist, 1980 Autoradiography does more, as is testified in the literature and in this conference. Providing detailed and valid maps, however, is one of the highest goals and of utmost heuristic value in science. That autoradiography can provide maps, gives it special potency and value. In addition, changes in time of a labeled substance as related to tissue structure can be recorded by autoradiography.
It is characteristic of the same zeitgeist that the validity of biochemical approaches alone, without sufficient characterization of cell types, is hardly questioned. In an effort to minimize wasteful research and to emphasize the utility of autoradiography, Lloyd J. Roth at meetings used to walk up to biochemists, who had just delivered localization data derived from tissue homogenization, and hand them a card that read: "Don't homogenize the brainthe brain you are homogenizing may be your own."
